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ABSTRACT 
 
 A field experiment was conducted for two consecutive seasons 
(1999/2000 and 2000/2001) at the Demonstration Farm of EL Damazin 
Research Station, Blue Nile State, Sudan to investigate the effect of 
nitrogen and phosphorous fertilization on growth, yield and quality of 
forage for grasses and legume species in mixture and pure stand under 
rainfall. The nitrogen levels were 0, and 40 kg Urea/ha in the form of 
urea (46% N). The phosphorous level were 0 and 50 Kg P2O5/ha in the 
form of triple superphosphate. The cropping systems include two 
legume species; clitoria and philipesara and two grass species; signal 
(Zabrtaya) grass and Dinebra  (Mamleiha) in pure stand and mixture 
(grass and legume). The design used was split-split plot design, with 
three replications, in which the nitrogen levels in the main plots and the 
phosphorous levels in the sub-plots and the cropping systems in the sub-
sub-plot. 
 The results revealed that nitrogen fertilization significantly 
increased number of flowers in the second season, number of pods per 
unit area and forage yield in the second season for legumes. Nitrogen 
fertilization reduced days to 50% flowering in the first season for 
legumes.  For grasses, addition of nitrogen fertilizer significantly 
increased number of tillers per plant in the second season and number of 
 10
seeds per spike in the first season. Nitrogen significantly reduced days 
to 50% flowering for grasses in the two seasons. However, nitrogen did 
not affect most growth attributes and forage yield for grasses in the two 
seasons. Phosphorous fertilization for legumes significantly increased 
number of flowers per plant and number of pods per unit area in the first 
season. Addition of phosphorous did not affect days to 50% flowering 
for legumes. Phosphorous did not affect grasses in all measurements. 
 Clitoria in mixture and in pure stand gave taller plants in the 
second season, higher number of leaves in the first season.  Phillipesara, 
in pure stand and mixture, produced higher number of flowers per plant 
and higher number of pods per unit area. Signal grass, in pure stand and 
mixture, gave taller plants and more leaves compared to Dinebra. 
Dinebra produced more tillers compared to Signal grass. Signal grass 
produced higher number of spikes per unit area compared to Dinebra, 
while Dinebra gave more seeds per per spike. Clitoria in pure stand and 
mixture reached 50% flowering earlier than phillpesara in the first 
season. The difference between grasses in days to 50% flowering was 
not significant. Phillipesara in pure stand gave higher forage yield 
compared to clitoria. For grasses in pure stand, Signal grass produced 
higher yield compared to Dinebra. Generally grass-legume mixture gave 
higher forage yield compared to grasses and legume species in pure 
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stand. The highest forage yield was obtained with phillipesara-signal 
grass mixture followed by Pillipesara-Dinebra mixture. 
 Nitrogen and phosphorous application slightly increased crude 
protein. Nitrogen fertilization decreased crude fiber and phosphorus 
decreased fibre in the first season. Generally crude protein was 
significantly higher in legumes compared to grasses. Crude protein was 
significantly higher in grass-legume mixtures compared to grasses in 
pure stand. Crude fibre was significantly higher in grasses in pure stand 
compared to legumes and grass legume mixture. Clitoria gave higher 
crude protein content and Dinebra gave higher crude fibres content.  
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 ﺒﺴﻡ ﺍﷲ ﺍﻟﺭﺤﻤﻥ ﺍﻟﺭﺤﻴﻡ
 
 ﺧﻼﺻﺔ ﺍﻷﻃﺮﻭﺣﺔ
 
 ﺑﺎﻟﻤﺰرﻋѧѧѧѧﺔ 1002/0002 و0002/9991أﺟﺮﻳѧѧѧѧﺖ ﺗﺠﺮﺑѧѧѧѧﺔ ﺣﻘﻠﻴѧѧѧѧﺔ ﻓѧѧѧѧﻰ ﻣﻮﺳѧѧѧѧﻤﻴﻦ ﻣﺘﺘѧѧѧѧﺎﻟﻴﻴﻦ 
اﻟﺘﺠﺮﻳﺒﻴѧѧﺔ ﺑﻬﻴﺌѧѧﺔ اﻟﺒﺤѧѧﻮث اﻟﺰراﻋﻴѧѧﺔ ﺑﺎﻟѧѧﺪﻣﺎزﻳﻦ وﻻﻳѧѧﺔ اﻟﻨﻴѧѧﻞ اﻷزرق ﻟﺘﻘﻴѧѧﻴﻢ أﺛѧѧﺮ اﻟﻨﻴﺘѧѧﺮوﺟﻴﻦ و 
اﻟﻨﺠﻴﻠﻴѧѧﺔ و اﻟﺒﻘﻮﻟﻴѧѧﺔ اﻟﻔﺴѧѧﻔﻮر ﻋﻠѧѧﻰ اﻟﻨﻤѧѧﻮ و اﻹﻥﺘﺎﺟﻴѧѧﺔ و اﻟﻨﻮﻋﻴѧѧﺔ ﻟﻠﻌﻠѧѧﻒ ﻷﻥѧѧﻮاع ﻣѧѧﻦ اﻷﻋѧѧﻼف 
 آﺠѧﻢ 04آﺎﻥѧﺖ ﻣﺴѧﺘﻮﻳﺎت ﺳѧﻤﺎد اﻟﻴﻮرﻳѧﺎ؛ ﺻѧﻔﺮ، . ﻣﻨﻔﺮدة و ﺧﻠﻴﻂ اﻟﻨﺠﻴﻠﻰ و اﻟﺒﻘѧﻮﻟﻰ ﺑﺎﻷﻣﻄѧﺎر 
اﻟѧﻨﻈﻢ اﻟﻤﺤﺼѧﻮﻟﻴﺔ ﺗﺸѧﻤﻞ . هﻜﺘѧﺎر / آﺠѧﻢ ﻓﺴѧﻔﻮر 05هﻜﺘﺎر و ﺳﻤﺎد اﻟﻔﺴѧﻔﻮر؛ ﺻѧﻔﺮ، /ﻥﻴﺘﺮوﺟﻴﻦ
 ﻥѧﻮﻋﻴﻦ ﻣѧﻦ اﻟﺒﻘﻮﻟﻴѧﺎت هѧﻰ اﻟﻔﻠﺒﺴѧﺎرا و اﻟﻜﻼﻳﺘﻮرﻳѧﺎ و ﻥѧﻮﻋﻴﻦ ﻣѧﻦ ﻣѧﻦ اﻟﻨﺠﻴﻠﻴѧﺎت هѧﻲ ﺣﺸﻴﺸѧﺔ 
اﺳѧﺘﺨﺪم ﺗﺼѧﻤﻴﻢ . زرﻋﺖ هѧﺬة اﻷﻥѧﻮاع ﻣﻨﻔѧﺮدة و ﺧﻠѧﻴﻂ (. أم ﻣﻠﻴﺤﺔ)واﻟﺪﻥﺒﺮا ( زﺑﺮﺗﺎﻳﺔ)اﻟﺴﻘﻨﺎل 
 .اﻟﻘﻄﻊ اﻟﻤﻨﺸﻘﺔ ﺑﺜﻼث ﻣﻜﺮرات
أﻇﻬﺮت اﻟﻨﺘﺎﺉﺞ أن اﻟﺘﺴﻤﻴﺪ ﺑﺎﻟﻨﻴﺘﺮوﺟﻴﻦ زاد ﻣﻌﻨﻮﻳًﺎ ﻋﺪد  اﻷزهѧﺎر  ﻓѧﻰ اﻟﻤﻮﺳѧﻢ اﻟﺜѧﺎﻥﻰ  
ﻤﻴﺪ اﻟﻨﻴﺘﺮوﺟﻴﻦ ﻗﻠﻞ ﻣﻦ ﻋѧﺪد ﺗﺴ. و ﻋﺪد اﻟﻘﺮون  و اﻹﻥﺘﺎﺟﻴﺔ ﻟﻠﻌﻠﻒ ﻟﻠﺒﻘﻮﻟﻴﺎت ﻓﻰ اﻟﻤﻮﺳﻢ اﻟﺜﺎﻥﻰ 
ﻓѧѧﻲ ﺣﺎﻟѧѧﺔ اﻟﻨﺠﻴﺎﻳѧѧﺎت زﻳѧѧﺎدة ﺳѧѧﻤﺎد . ﻣѧѧﻦ اﻹزهѧѧﺎر ﻟﻠﺒﻘﻮﻟﻴѧѧﺎت ﻓѧѧﻰ اﻟﻤﻮﺳѧѧﻢ اﻷول % 05اﻷﻳѧѧﺎم ل 
اﻟﻨﻴﺘﺮوﺟﻴﻦ أدت إﻟﻰ زﻳﺎدة ﻋﺪد اﻟﺨﻠﻒ ﻓﻰ اﻟﻤﻮﺳﻢ اﻟﺜﺎﻥﻰ و ﻋﺪد اﻟﺒﺬور ﻓﻰ اﻟﻘﻨﺪول ﻓﻲ اﻟﻤﻮﺳﻢ 
ﺮ ﻟﻠﻨﻴﺘѧﺮوﺟﻴﻦ ﻋﻠѧﻰ ﻟѧﻢ ﻳﻜѧﻦ هﻨѧﺎك ﺗѧﺄﺛﻴ. ﻣѧﻦ اﻹزهѧﺎر% 05اﻷول و اﻟﺘﻘﻠﻴѧﻞ ﻣѧﻦ ﻋѧﺪد اﻷﻳѧﺎم ل 
اﻟﺘﺴѧﻤﻴﺪ ﺑﺎﻟﻔﺴѧﻔﻮر أدى إﻟѧﻲ زﻳѧﺎدة ﻣﻌﻨﻮﻳѧﺔ ﻓѧﻲ . ﻣﻌﻈﻢ ﻣﻌѧﺎﻳﻴﺮ اﻟﻨﻤѧﻮ و اﻹﻥﺘﺎﺟﻴѧﺔ ﻓѧﻲ اﻟﻤﻮﺳѧﻤﻴﻦ 
أﺿѧﺎﻓﺔ . اﻟﻨﺒѧﺎت و ﻋѧﺪد اﻟﻘѧﺮون ﻓѧﻰ وﺣѧﺪة اﻟﻤﺴѧﺎﺣﺔ ﻟﻠﺒﻘﻮﻟﻴѧﺎت ﻓѧﻰ اﻟﻤﻮﺳѧﻢ اﻷول /ﻋﺪد اﻷزهѧﺎر 
 ﻟﻠﻔﺴѧﻔﻮر ﻟѧﻢ ﻳﻜѧﻦ هﻨѧﺎ ﺗѧﺄﺛﻴﺮ . ﻣѧﻦ اﻹزهѧﺎر % 05اﻟﻔﺴﻔﻮر ﻟﻠﺒﻘﻮﻟﻴﺎت ﻟﻢ ﻳѧﺆﺛﺮ ﻋﻠѧﻲ ﻋѧﺪد اﻷﻳѧﺎم ل 
 .ﻋﻠﻰ ﻣﻌﺎﻳﻴﺮ اﻟﻨﻤﻮ و اﻹﻥﺘﺎﺟﻴﺔ ﻟﻠﻨﺠﻴﻠﻴﺎت
اﻟﻜﻼﻳﺘﻮرﻳﺎ آﺨﻠﻴﻂ و ﻣﻨﻔﺮدة أﻋﻄﺖ ﻥﺒﺎﺗﺎت أﻃﻮل ﻓﻰ اﻟﻤﻮﺳﻢ اﻟﺜﺎﻥﻰ و ﻋﺪد أﻋﻠﻰ  
اﻟﻔﻠﺒﺴﺎرا آﺨﻠﻴﻂ و ﻣﻨﻔﺮدة أﻋﻄﺖ أآﺒﺮ ﻋﺪد ﻣﻦ . ﻟﻸوراق ﻓﻰ اﻟﻨﺒﺎﺗﺎت ﻓﻲ اﻟﻤﻮﺳﻢ اﻷول
ﺣﺸﻴﺸﺔ اﻟﺴﻘﻨﺎل ﻣﻨﻔﺮدة و . ﺔاﻷزهﺎر ﻓﻰ اﻟﻨﺒﺎﺗﺎت و ﻋﺪد أآﺒﺮ ﻣﻦ اﻟﻘﺮون ﻓﻰ وﺣﺪة اﻟﻤﺴﺎﺣ
أﻥﺘﺠﺖ اﻟﺪﻥﺒﺮا ﻋﺪد ﻣﻦ اﻟﺨﻠﻒ أآﺜﺮ ﻣﻘﺎرﻥﺔ . ﺧﻠﻴﻂ أﻋﻄﺖ ﻥﺒﺎﺗﺎت أﻃﻮل ﻣﻘﺎرﻥﺔ اﻟﺪﻥﺒﺮا
ﺣﺸﻴﺸﺔ اﻟﺴﻘﻨﺎل أﻋﻄﺖ ﻋﺪد أآﺒﺮ ﻣﻦ اﻟﻘﻨﺎدﻳﻞ ﻓﻰ وﺣﺪة اﻟﻤﺴﺎﺣﺔ ﺑﺎﻟﻤﻘﺎرﻥﺔ . ﺑﺤﺸﻴﺸﺔ اﻟﺴﻨﻘﻞ
دة و آﺨﻠﻴﻂ اﻟﻜﻼﻳﺘﻮرﻳﺎ ﻣﻨﻔﺮ. اﻟﺪﻥﺒﺮا أﻋﻄﺖ ﻋﺪد أآﺒﺮ ﻣﻦ اﻟﺒﺬور ﻓﻰ اﻟﻘﻨﺪول. ﻣﻊ اﻟﺪﻥﺒﺮا
ﻻﻳﻮﺟﺪ ﻓﺮق ﻓﻲ ﻋﺪد اﻷﻳﺎم . ﻓﻰ ﻓﺘﺮة أﻗﻞ  ﻣﻦ اﻟﻔﻠﺒﺴﺎرا ﻓﻲ اﻟﻤﻮﺳﻢ اﻷول% 05أزهﺮت 
اﻟﻔﻠﺒﺴﺎرا ﻣﻨﻔﺮدة أﻋﻄﺖ أﻋﻠﻲ إﻥﺘﺎﺟﻴﺔ ﻣﻘﺎرﻥﺔ . ﻣﻦ اﻹزهﺎر ﺑﺎﻟﻨﺴﺒﺔ ﻟﻠﺤﺸﺎﺛﺶ% 05ل
ﺑﺼﻮرة ﻋﺎﻣﺔ . ﺑﺎﻟﻨﺴﺒﺔ ﻟﻠﻨﺠﻴﻠﻴﺎت آﺎﻥﺖ إﻥﺘﺎﺟﻴﺔ ﺣﺸﻴﺸﺔ اﻟﺴﻘﻨﺎل أﻋﻠﻰ ﻣﻦ اﻟﺪﻥﺒﺮا. ﺑﺎﻟﻜﻼﻳﺘﻮرﻳﺎ
أﻋﻠﻰ إﻥﺘﺎﺟﻴﺔ . ﻤﺨﺎﻟﻴﻂ أﻋﻄﺖ أﻋﻠﻲ إﻥﺘﺎﺟﻴﺔ ﻋﻠﻔﻴﺔ ﻣﻘﺎرﻥﺔ ﺑﺎﻟﻨﺠﻴﻠﻴﺎت و اﻟﺒﻘﻮﻟﻴﺎت ﻣﻨﻔﺮدةان اﻟ
  .آﺎﻥﺖ ﻟﺨﻠﻴﻂ اﻟﻔﻠﺒﺴﺎرا و ﺣﺸﻴﺸﺔ اﻟﺴﻘﻨﺎل و ﻳﻠﻲ ذﻟﻚ ﺧﻠﻴﻂ اﻟﻔﻠﺒﺴﺎرا ﻣﻊ اﻟﺪﻥﺒﺮا
31 
اﻟﺘﺴѧѧﻤﻴﺪ ﺑﺎﻟﻔﺴѧѧﻔﻮر و اﻟﻨﻴﺘѧѧﺮوﺟﻴﻦ أدى إﻟѧѧﻰ زﻳѧѧﺎدة ﻃﻔﻴﻔѧѧﺔ ﻟﻠﺒѧѧﺮوﺗﻴﻦ اﻟﺨѧѧﺎم وإﻥﺨﻔѧѧﺎض  
ﺑﺼѧﻮرة .  أﻣѧﺎ اﻟﻔﺴѧﻔﻮر ﻗﻠѧﻞ ﻣѧﻦ اﻷﻟﻴѧﺎف اﻟﺨѧﺎم ﻓѧﻰ اﻟﻤﻮﺳѧﻢ اﻷول .ﻟﻸﻟﻴﺎف اﻟﺨﺎم ﻓﻰ اﻟﻤﻮﺳѧﻤﻴﻦ 
أﻷﻟﻴѧﺎف اﻟﺨѧﺎم أﻋﻠѧﻲ . ﻋﺎﻣﺔ  ﻥﺴﺒﺔ اﻟﺒﺮوﺗﻴﻦ اﻟﺨﺎم أﻋﻠﻰ ﻓﻲ اﻟﺒﻘﻮﻟﻴﺎت ﻣﻘﺎرﻥﺔ ﺑﺎﻟﻨﺠﻴﻠﻴﺎت ﻣﻨﻔﺮدة 
اﻟﻜﻼﻳﺘﻮرﻳѧﺎ أﻋﻄѧﺖ . ﻓѧﻰ اﻟﻨﺠﻴﻠﻴѧﺎت ﻣﻨﻔѧﺮدة ﻣﻘﺎرﻥѧﺔ ﺑﺎﻟﺒﻘﻮﻟﻴѧﺎت ﻣﻨﻔѧﺮدة و آﺨﻠѧﻴﻂ ﻣѧﻊ اﻟﺤﺸѧﺎﺉﺶ
   . و اﻟﺪﻥﺒﺮا أﻋﻄﺖ أﻋﻠﻰ ﻣﺤﺘﻮى ﻣﻦ اﻹﻟﻴﺎف اﻟﺨﺎمأﻋﻠﻰ ﻣﺤﺘﻮى ﻣﻦ اﻟﺒﺮوﺗﻴﻦ اﻟﺨﺎم
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CHAPTER ONE 
INTRODUCTION 
Sudan is a vast country of nearly one million square miles 
with ecological zones extending from the desert and semi-desert 
in the north to the tropical zone in the south. Within these zones 
60% of the area is described as rangelands supporting large 
number of animals which are increasing at an annual rate of about 
5%. About 90% of these animals is owned by the nomads who 
are engaged in regular movements in search of grazable forage, 
water and escape drought in the north and mud, and biting flies in 
the south. Most of the rangelands are deteriorated by 
overstocking, encroachment of mechanized production schemes, 
seasonal bush fire and drought. Many of the tropical rangelands 
have declined soil fertility as a result of over grazing, drought, 
wind and water erosion and frequent fires. Therefore to alleviate 
the pressure on ranglands as well as to improve livestock 
production is to encourage seeding and reseeding of deteriorated 
areas as well as fertilization of soils with low fertility. This will 
make equilibrium between available forage and consumption by 
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grazing animals. The key point for range seeding is the provision 
of adequate forage with high quality.  The research work carried 
out in the past indicated the suitability of some indigenous and 
exotic grass and legume plant species for establishment of 
permanent pasture in pure stand as well as mixtures (Osman, 
1979; Abu Diek, 1980). These trials were conducted under 
irrigation. The use of grasses and legumes for seeding natural 
range in Sudan is one of the options for range improvement that 
need to be investigated. Many questions regarding the 
management of the plant species are posed. Therefore, research to 
detect the performance of tropical grasses and legumes in mixture 
and pure stand using different cultural practices needs to be 
investigated. One of the important factors that increased production, 
improve the nutritive and palatability of forage is range fertilization. 
In Sudan, no attention is directed towards range fertilization. If an area 
is seeded or reseeded, will only depends on soil fertility.  Since most 
of the rangelands in Sudan are deteriorated, a decline in soil fertility is 
expected. Therefore, investigation on requirements is needed.    
The objective of this study is to investigate the followings: 
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1- The performance of two annual grass species and legume 
species in mixture and in pure stand. 
2- The response of the grass species and legume species to 
nitrogen and phosphorous fertilization in mixture and in 
pure stand. 
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CHAPTER TWO 
REVIEW OF LITERATURE 
2.1 Tropical grasses 
 It is estimated that about 10,000 species of grasses 
(Poaceae) in the world (McIlory, 1964). Of these only about 40 
species are used in the establishment of sown pastures. The 
majority of the species for pastures are originated in the tropical 
and subtropical territories. Tropical grasses, which originate in 
Africa, South-east Asia and South America, requires warm 
temperature for optimum growth (warm season grasses) and can 
tolerate periods of drought (Walton, 1983). 
 The grasses excel all other seed bearing plants in their use 
by man and animal. They furnish the principle breadstuff of the 
world and bulk of the feed of animals. The staple foods of the 
great majority of the mankind come from the grasses. In addition 
to the seeds, grasses are source of animal feeds from their 
vegetative structures. Grasses are especially suitable as herbage 
plants for grazing by livestock or for mowing for the following 
reasons according to McILroy ( 1964): 
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1-reproduction of fresh shoots by tillering provides  means of 
recovery from cutting and grazing. 
2-new tissues produced during growth arises chiefly at the base of 
the leaves where is least likely to be damage by cutting or 
grazing. 
3-many grasses maintain continuous vegetative growth 
interrupted only by periods of drought and cold. 
4-many grasses spread by rhizomes or stolons, which readily 
form adventitious roots and give rapid ground coverage. 
5-the root system binds the soil particles together forming a ‘sod’ 
and brings to the surface layer nutrients, which have been leached 
into the subsoil by heavy rainfall.   
In the tropical and sub-tropical regions 23% of the area is 
grasslands (Mannetje, 1978). Natural grassland is a plant 
community in which the grasses are dominant herbaceous plants 
with few or no shrubs and trees. Both annual and perennial 
grasses which at certain times of the year give characteristic 
aspect to the plant community (Moore, 1964). 
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Tropical grasses are known to have a high growth rate 
under favorable conditions which result in high dry matter 
(Davies, 1970). The energy content of tropical grasses is 
relatively constant, varying between17.2-18.4 kilojouls per gram 
of dry matter (Milford and Minson, 1965). Any change in energy 
content of grasses is usually associated with differences in the 
proportion of protein or ash. The high rate of growth is usually 
accompanied by a decline in quality of forage produced, 
especially the crude protein. In pure stand of tropical gasses the 
protein content may go up and down within a wide limit 
according to the season and soil fertility (French, 1957; Butter 
Worth, 1963; Davies, 1970; Norris, 1972). This percent may be 
increased by applying nitrogen fertilizer and or by including a 
legume in a mixture (Wagner, 1954). Levels of proteins decline 
as grasses matures (Skerman and Riveros,1990). This decrease is 
caused by an increase of stem, which has lower protein content 
than the leaf fraction. 
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2.2 Tropical legumes 
 Legumes are originated in the tropics and the temperate 
legumes were derived from them (Norris, 1972). It has been 
estimated that about 80 leguminous genera of tropical origin are 
likely to contain a large number of species of potential as pasture 
legumes (William, 1964). 
Most tropical countries have used legume for their value as 
green forage, hay, green manure, cover crops and soil building 
plants (Milford and Minson, 1965; Skerman, 1990). Moreover, 
leguminous pulse crops are used for centuries as staple food. 
 Legumes have been widely utilized as a source of nitrogen 
to the soil, either by incorporating them as green manure or 
through atmospheric nitrogen fixation. Atmospheric nitrogen 
fixation by legumes plays a major role in this aspect.  Studies of 
the nitrogen fixation of several tropical legumes showed that not 
all legumes are highly effective in nitrogen fixation due to 
absence of appropriate strain of rhizobia, inadequate moisture, 
deficiency of mineral nutrients, unfavorable soil pH, high 
temperature and presence of antagonistic micro-flora  
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(Casadomontojos and Gargantini, 1963; Williams, 1967). For 
example cowpea is highly effective and afforded to produce all its 
nitrogen requirements and soybean produced only third of its 
requirement, while white clover was intermediate (Bockman et 
al., 1990). In a survey of noduation in indogenous leguminaceae 
of tropical Trinidad 15 out of  19 species bear nodules (Desoua, 
1966). Zaroug (1978) found several rhizobial strains which are 
effective in the nodulation of both clitoria and phillipesara. In 
East Africa, every year, stand glycine added 160-655 N/ha over a 
period of 4 years (Johnes, 1942) 
 Experimental results substantiated the value of growing 
tropical grass-legume mixture. The use of forage legume as a 
companion crop to increase production of tropical grasses is 
becoming an established practice to reduce the use of expensive 
nitrogen fertilizers (Rotar, 1983).  An important consequence of 
legume growth in mixed sward is the transfer of fixed-nitrogen to 
the companion crop. Many researchers (Ahlgren, 1956; Ta and 
Faris, 1987; Papastylianou, 1990) have reported this transfer. 
Estimation of nitrogen provided the associated legume to the 
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grass component was found to be 18% in sorghum/mungobean 
mixture (Bandyopadhyay and De, 1986) and 30% in 
alfalfa/timothy mixture (Ta and Faris, 1987). It is worth 
mentioning that transfer of nitrogen is not only through fixation, 
but also through leaf fall and litter as reported by Kanehir (1967) 
in Cenrosema pubascens  (Benth) and Desmodium intortum 
(mill). 
Grass-legume mixture, beside the supply of nitrogen to the 
soil, they offer several advantages over pure stand such as erosion 
and weed control and prolonged stand longevity (Droslom and 
Smith, 1976). McIlroy (1964) mentioned the advantages of 
mixtures as compared to pure stands are as follows: 
1-more rapid establishment of the sward and better land use. 
2-Better seasonal distribution of growth. The grazing season may 
be extended by the inclusion of both early and late maturing 
species 
3-increased production with greater palatability. 
4-leguminous plants may be associated with the grasses to the 
advantages of the grasses. Legumes are richer in nitrogen and in 
 23
calcium than the grass and increase the nutritive value of the 
sward. A grass legume-mixture is better balanced and more 
palatable than a pure stand. On the negative side differences in 
growth habit, regrowth potential, and physiological growth 
requirement among components of the mixture often preclude the 
effective use of management practices to maintain the 
productivity of the components in the mixture. Therefore, grass-
legume mixture balance is a major factor governing productivity 
of grass-legume mixture (Lundlow et al, 1974). Such balance is 
influenced by the competitive ability of the species in the mixture 
for light and nutrients (Snaydon, 1971) and by the initial 
establishment of the legume in the mixture (Vallis et al, 1967) 
and later on by the regrowth potential of the species following 
different systems of grazing and cutting management (Van 
Voorthuizen, 1971). Whitman (1969) found that legume yield and 
persistence were affected by close defoliation due to removal of 
the major portion of young active leaf material and terminal 
meristems leading to a reduced rate of recovery. He added that 
the grass species were more affected than legume species under 
 24
close clipping. The growth rate and productivity of grass and 
legume were higher when cut less frequent (Singh and Chatterjee, 
1967). Legumes and grasses properly chosen for the mixture and 
properly managed could improve both productivity and quality of 
forage produced. Association of Rhodes grass or Green panic 
with a legume species increased yield and protein content from 
3.7 to 5.9% and from 3.6 to 6.1%, respectively (Bryan, 1962).  
Riveros (1962) study a combination of Kudzu with Pangola grass 
(Stent) found that the production of the mixture exceeded that of 
the pure stand of the two components. He also found that the 
protein and the mineral content of the mixture were also 
improved. 
2.3 Phosphorous fertilization  
 Source of phosphorous is rock phosphate of marine origin 
and deposits of guano mainly from seas birds (Wild, 1980). 
Phosphate fertilizers are generally derived from rock phosphate 
(Weight, 1980). Rock phosphate is treated with either sulfuric 
acid to form normal superphospahte  (16-20% P2O5), or 
phosphoric acid to form triple superphosphate (46% P2O5). Both 
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forms are water soluble and widely used for crop fertilization. 
The most widely used process in the past was to treat the rock 
phosphate with enough sulfuric acid to convert the apatite to 
water soluble monocalcium orthophosphate and monohydrate, the 
commercial superphosphate (Russel, 1973). The value of the 
fertilizer is usually judged by its content of water soluble P2O5.  
 Adequate supply of available phosphorous is needed during 
the early stages of growth when the limited root system is not yet 
capable of drawing P from soil reserves. Phosphorous is taken up 
in the form of orthophoaphate ions dihydrogen orthophospahe 
and monohydrogen orthophospahte directly from the soil solution 
depending on the pH (Brady, 1974).  
Russell (1973) reported that annual plants usually take about 5 
to 10% of phosphate added to the soil. The young plant will take 
up nearly all its phosphate from a band of soluble fertilizer 
suitably placed with respect to the seed. In wet season, the crop 
will take all its phosphorous from the surface soil where the 
fertilizer is placed. However, in dry soils this phosphate will 
become unavailable indicating the importance of moisture in 
 26
phosphorous uptake (Russell, 1973). Wild (1988) reported that 
low uptake of phosphorous can be a consequence of: (i) adding 
the fertilizer to the soils of high phosphate content, (ii) plant 
growth is limited by some factors other than phosphate supply, 
(iii) inaccessibility of phosphate to roots for some reasons, (iv) 
adsorbing the phosphate by soil that the concentration in solution 
remains very low and (v) the adsorbed phosphate being converted 
into non-labile.  When phosphorous is added to the soil, a large 
part of it will be fixed in various forms, which differ in degree of 
availability, depending on soil pH. Because of these phosphorous 
fixation processes, the availability of phosphorous from P-
fertilizers to plants decrease with time (Eghball et al., 1990). 
Phosphorous was either precipitated as calcium phosphate or 
chemically bonded to these cations at the surface of the soil. 
Tropical soils are capable of fixing large amounts of the 
applied phosphorous (Engelstad and Russel; Said, 1975). Yang 
and Jacobsen (1990) observed that when concentrated 
phosphorous fertilizer was added to a soil of pH 8.5, phosphorous 
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quickly reacts to form less soluble compounds with calcium or 
possibly magnesium. 
The fertilizer requirements of all legumes are not greatly 
different (Luck, 1965). In experiment of some leguminous crops 
in Shambat, Ahmed (1978) reported that the response of 
leguminous crops to phosphorous fertilizers was striking.   
Addition of phosphorous significantly increased the number of 
plants per unit area, leaf area and leaf to stem ratio of clitoria 
(Abdalla, 1999). EL Tahir (1997) worked in groundnut reported 
that there is a significant increase in number of branches in 
fertilized plots compared to the control. In contrast Ahmed (1988) 
found that phosphorous had no effect on number of branches in 
cowpea. Ahmed (1978) 0bserved significant differences between 
phosphorous levels in leaf number and plant height of lablab and 
other leguminous plants. Addition of phosphorous significantly 
increased the number of fruiting, branches, pods per plant and 
number of seeds per pod of faba bean and subclover (Ibrahim et 
al., 1996; Osman, 1974; Lomuja, 1992). In contrast, Abdalla and 
Mohammed (1995) found that pod number was unaffected by 
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phosphorous application in chickpea. Zaroug (1978) stated that in 
clitoria, number and size of nodules were reduced by deficiency 
of phosphorus. Phosphorous application increased dry matter in 
cowpea, groundnut, wheat, black gram and rice bean (Ahmed, 
1988; Sinha, 1970; Kulkorni et al., 1986; Verma et al., 1970; 
Asarkar and Akmukharjee, 1991). Phosphorous often increased 
nodulation and hence increased nitrogen or crude protein content 
(Hague and Mohammed, 1985). Osman (1974) reported similar 
results in subclover.  Application of phosphorous increased 
digestibility of dry matter (Hague and Mohamed, 1985).  
Phosphorous content of tropical grasses grown throughout the 
world ranges between 0.02 and 0.5 percent in dry matter 
(Skerman and Riverose, 1990). The application of phosphorous, 
generally had no significant effect on dry matter of tropical 
grasses (Myburgh, 1937). In contrast phosphorous and nitrogen 
appliacton significantly increased growth and yield of cool season 
grasses (Black, 1968; Mason and Miltimore, 1972). Miller et al. 
(1987) reported a major increase in maize yield in response to 
phosphorous fertilizer. Phosphorous has no significant effect on 
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crude fiber and crude protein of Dinanth grass and sorghum 
(Rathore and Kumar, 1977).  
2.4 Nitrogen fertilization: 
 Nitrogen is essential to plant growth and it is the nutrient that 
most frequently limits yield. Amino acids and many other plant 
substances, including purines, vitamins and alkaloids are composed 
in part of nitrogen. Chlorophyll molecule has four nitrogen atoms 
(Jules et al., 1974).  
Three main sources of available nitrogen for growth of 
tropical grasses are (i) soil organic matter (ii) nodulated legumes 
and (iii) synthetic nitrogenous fertilizer (Skerman and Riverose, 
1988. Mineralization of soil nitrogen is most important source of 
for the growth of unimproved grassland. Fixed nitrogen is used first 
for growth of legumes and latter contributes to the growth other 
associated plants in the pasture. In grassland receiving heavy 
dressing of nitrogen fertilizers, most of the available supply comes 
from recent addition of fertilizer. The major form of nitrogen 
fertilizer used is urea. It is efficient, very soluble and moves freely 
up and down with soil moisture (Samuel et al, 1975). 
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Addition of organic and inorganic nitrogen fertilizers was 
found to increase pant height (Gangular et al., 1991) and  number 
of tillers per plant (Abu Swuar, 1981). In a mixture of Sudangrass 
and lablab bean, nitrogen fertilization significantly increased 
number of tillers per plant for Sudangrass (Ibrahim, 1994). 
Contradicting results were reported by Mohammed (1990) who 
found no effect on tillering for Pioneer 988. Dry weight for grass 
was found to increase with addition of nitrogen fertilizer. Tyagi et 
al. (1986) reported that dry weight of Denanth grass (Pennissetum 
pedicillata). Ibrahim (1994) reported an increase in forage dry 
matter yield of Sudangrass with nitrogen fertilization. When a 
mixture of sorghum with lablab treated with nitrogen, dry matter of 
the two components increased ((Waghmore, et al. 1982). On grass 
pastures application of optimum levels of fertilizer nitrogen has a 
significant impact on increasing yield (Tomassik, 1977; Ross and 
Black, 1979). Nitrogen affects yield through its influence of on 
various aspects of the grass plant; mainly through modification of 
tillers production, leaf area and root growth (Whitehead, 1970). 
The increase in the rate of nitrogen is also reflected in the increase 
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of protein content of herbage (Gonzale and Dodd, 1979). Many 
researcher reported that application of nitrogen fertilizer to forage 
grass increases their crude protein and reduces their fibre content 
(Mohamoud, 1988; Gangwar, 1991; Singh et al 1980). Ibrahim 
(1994) reported that addition of nitrogen, did not affect crude fibre 
content of Sudangrass.  
 Legumes grow just as well on mineral nitrogen as on 
nitrogen fixed from the air. Legume seedlings grown on a nitrogen 
deficient soil usually exhibit a period of nitrogen starvation after 
the seed reserves are exhausted and before the nodules become 
fully effective. Addition of mineral nitrogen at this time can cause 
an increase in legume growth that persists after the mineral 
nitrogen has been exhausted and plant become dependent on 
symbiotic fixation (Cameron, 1988).  
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CHAPTER THREE 
MATERIALS AND METHODS 
3.1 General description of the area 
The experiment was conducted during two consecutive 
seasons (1999/2000 and  2000/2001) at EL Damazin Research 
Station, Blue Nile State (Latitude 11°  47` N and Longitude 34°  
23`E ) 
The area lies within the semi-arid climate, which is 
characterized by warm winter and hot summer with a wet season 
of 4-5 months (Van der Keric, 1976). Average rainfall of 800 mm 
coming mostly during August. Minimum and maximum 
temperature recorded at Damazin Meteorological Station during 
the study period is shown in Appendix (1).  The evaporation is 
relatively low throughout the year, and seasonal variation is 
moderately small (Adam, 1983).  
 Vegetation cover in the area consists of scattered tress and 
shrubs associated with perennial and annual grasses 
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3.2 Land preparation:- 
Before planting the land was prepared by wide level disc, 
then leveled and divided to three blocks (64x 2m) each. 
3.3 layout of the experiment: 
The experiment consist of the following treatments: 
(a) A mixture and pure stand of two annual grasses; Signal 
grass  (Brachairia lata and (Denibra retoflexa), and two 
legumes; butterfly pea (Clitoria ternata L.) and 
Phillipesara (Phaseolus trilobus L.) making eight cropping 
systems (Four pure stand and four mixtures). 
(b) Two levels of nitrogen fertilizers; 0 and 40 kg Urea/ha, in 
the form of urea (46% N) 
(c)  Two levels of phosphorous fertilizer; 0 and 50 P2O5 /ha, in 
the form of triple superphosphate  (46% P2O5). 
The treatments were arranged in split-split plot design replicated 
three times. The main plots were assigned for nitrogen 
treatments, the subplots were assigned for phosphorous 
treatments and the sub-subplot for the cropping systems. 
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 The seeds of the two legumes were obtained from shambat 
and those of the grasses were obtained from local sources from 
Blue Nile State. Sowing of the experiment started on the 17th of 
July 2000 for the first season and 11th of July 2001 for the second 
season. Phillipesara  and clitoria in pure stand were sown at seed 
rate of 20 kg/ha, while the grasses were sown at a rate of 5 kg/ha. 
For the mixtures, half of the respective species in pure stand was 
used. Phosphorous fertilizer was applied at sowing, while 
nitrogen fertilizer was applied 30 days after sowing (when the 
plants were well established). 
3.4 Measurements: 
3.4.1 Vegetative growth attributes 
3.4.1.1 Plant height 
 Ten plants of the grass species and legumes were randomly 
selected, and the height of each plant was measured from the base 
of the stem to the top of the youngest leaf. The average for plant 
height was recorded. 
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3.4.1.2 Number of leaves per plant: 
Number of leaves per plant for the same plants used for 
plant height were used for the count of number of leaves per plant  
3.4.1.3 Tillering for grasses 
Ten plants of the grass species were randomly selected 
from the plots and the numbers of tillers were counted for each 
and then the average was recorded. 
3.4.1.4 Branching per plant for legumes: 
 Ten plants of the legume species were selected randomly 
from each plot and the number of branches per plant was counted 
and then the average was determined. 
3.5 Reproductive attribute: 
3.5.1 Days to 50% flowering for grasses and legumes: 
  Number of days to 50% flowering for grasses and legume 
was determined. 
3.5.2 Number of spikes per unit area for grasses: 
 Number of spikes for in one square meter quadrat was 
determined for grasses in pure stand and in mixture. 
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3.5.3 Number of seeds per spike for grasses: 
 Ten plants of the grass species were selected randomly 
from each plot and the number of seeds per spike was counted 
and then the average was recorded. 
3.5.4 Number of flowers per plant for legume: 
 Ten plants of the legume species were randomly selected 
from each plot and the number of flowers per plant was counted 
and then the average was determined. 
3.5.5 Number of pods per unit area for legumes: 
 Number of pods for legumes in a 1x1m quadrat was 
determined for legumes in pure stand and in mixture. 
3.6 Forage yield: 
 Forage in a 1x1 m quadrat in the middle of the plot was cut 
in pure stand and mixture. In the mixture the samples were 
separated into their species components. The samples were air 
dried  and weighted to obtain dry weight. The weight obtained 
was converted to kg/ha. 
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3.7 Proximate analysis: 
 At harvest three plants were randomly selected from the 
middle of each plot. These plants were dried and ground to 
determine the contents of crude protein and crude fibre. Crude 
protein was determined using the micro Kjeldahl Method 
(Appendix 2) and the fibre content was determines according to 
AOAC (1981) as shown in Appendix 3. 
3.8 Statistical analysis:  
 Data was analyzed using standard analysis of variance and 
means were separated using the Least Significant Difference 
(LSD) procedure (Gomez and Gomez, 1984). 
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CHAPTER FOUR 
RESULTS 
4.1 Growth and reproductive attributes 
4.1.1 Legumes 
4.1.1.1 Plant height 
 The effect of nitrogen and phosphorous fertilization, and 
cropping systems on plant height for legumes in the two seasons 
is shown in Table (1). The effect of nitrogen and phosphorous on 
plant height was not significant in both seasons. For the cropping 
systems, clitoria in pure stand and mixture in the second season 
was taller than phillipersara in pure stand and mixture. However 
the difference in the first season was not significant. 
4.1.1.2 Number of leaves per plant: 
Table (2) shows the effect of nitrogen and phosphorous 
fertilization, and cropping systems on number of leaves per plants 
for legumes in the two seasons. The effect of both nitrogen and  
phosphorous on number of leaves per plant for legumes was not 
significant in both seasons. 
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Table 1. Effect of nitrogen and phosphorous application and 
cropping systems on plant height (cm) of legumes during 
1999/2000 and 2000/2001 seasons 
 
Plant height (cm) Treatment 
1999/2000 2000/2001 
Nitrogen 
N0 
N1 
 
LSD 
 
17.89 a 
19.44 a 
 
3.65 
 
10.11 a 
11.08 a 
 
5.32 
Phosphorous   
P0 
P1 
 
LSD 
19.11 a 
18.22 a 
 
3.83 
10.31 a 
10.89 a 
 
3.09 
Mixture   
C 
P 
BC 
BP 
DC 
DP 
 
LSD 
CV (%) 
17.42 b 
19.92 ab 
17.17 b 
17.91b 
18.42 ab 
21.17 a 
 
3.19 
20.68 
14.50 a 
  8.83 b 
12.42 a 
  8.08 b 
13.25 a 
7.25 b 
 
2.11 
24.17 
 
Means with the same letters within column for each treatment are 
not significantly different 
C= Clitoria 
P= Phillpesara 
B= Brachiaria  
D= Dinebra 
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Table 2. Effect of nitrogen and phosphorous application and 
cropping systems on number of leaves per plant for legumes 
during 1999/2000 and 2000/2001 seasons 
 
Number of leaves per plant Treatment 
1999/2000 2000/2001 
Nitrogen   
N0 
N1 
 
LSD 
39.15 a 
40.64 a 
 
8.22 
9.67 a 
8.94 a 
 
1.96 
Phosphorous   
P0 
P1 
 
LSD 
39.50 a 
40.39 a 
 
6.80 
9.44 a 
9.17 a 
 
1.46 
Mixture   
C 
P 
BC 
BP 
DC 
DP 
 
LSD 
CV (%) 
59.08 a 
28.00 c 
44.42 b 
29.17 c 
44.83 b 
32.11 c 
 
7.09 
20.92 
  9.17 abc 
  9.42 abc 
  8.08 c 
10.17 ab 
  8.42 bc 
10.58 a 
 
1.95 
25.41 
 
Means with the same letters within column for each treatment are 
not significantly different 
C= Clitoria 
P= Phillpesara 
B= Brachiaria 
D= Dinebra 
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 In cropping systems, butterfly pea (clitoria) in pure stand 
and with grass produced higher number of leaves per plant than 
phillipesara in pure stand and in mixture in the first season. 
However, in the second season the difference in number of leaves 
per plant between clitoria and phillipesara was not significant, 
and phillipesara in mixture with grasses gave higher number of 
leaves per plant compared to clitoria in mixure. 
4.1.1.3 Number of branches per plant for legumes: 
The effect of nitrogen and phosphorous fertilization, and 
cropping systems on number of branches per plant for legumes in 
the two seasons is presented in Table 3. The results showed that 
the effect of nitrogen and phosphorous on number of branches per 
plant for legumes was not significant in both seasons. 
In cropping systems, butter fly pea in pure stand and with 
grasses gave higher number of branches per plant compared to 
phillipesara in pure stand and in mixture with grasses in the two 
seasons. 
 
 
 42
Table 3. Effect of nitrogen and phosphorous application and 
cropping systems on number of branches per plant for legumes 
during 1999/2000 and 2000/2001 seasons. 
 
Number of branches per plant Treatment 
1999/2000 2000/2001 
Nitrogen   
N0 
N1 
 
LSD 
8.00 a 
7.81 a 
 
0.24 
6.56 a 
6.08 a 
 
2.21 
Phosphorous   
P0 
P1 
 
LSD 
7.83 a 
8.28 a 
 
1.38 
6.28 a 
6.36 a 
 
0.99 
Mixture   
C 
P 
BC 
BP 
DC 
DP 
 
LSD 
CV (%) 
9.67 a 
6.17 d 
9.08 ab 
6.58 d 
8.17 bc 
7.75 c 
 
1.07 
16.34 
7.92 a 
4.75 b 
7.83 a 
5.00 b 
7.83 a 
4.58 b 
 
0.97 
25.41 
 
Means with the same letters within column for each treatment are 
not significantly different 
C= Clitoria 
P= Phillpesara 
B= Brachiaria 
D= Dinebra 
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4.1.1.4 Number of flowers per plant: 
  The effect of nitrogen and phosphorous fertilization, and 
cropping systems on number of flowers per plants for legumes in 
the two seasons, is shown in Table 4.  Nitrogen application 
increased the number of flowers per plant, but the significant 
increase was recorded in the second season only. Also 
phosphorous increased the number of flowers per plant with the 
significant difference in the first season. 
 In the cropping systems, phillipesara in pure stand and in 
mixture with grasses gave higher number of flowers per plant 
compared to clitoria in pure stand and in mixtures. 
4.1.1.5 Number of pods per unit area: 
 The effect of nitrogen and phosphorous fertilization, and 
cropping systems on number of pods per unit area for legumes in 
the two seasons, is presented in Table 5. The result showed that 
nitrogen significantly increased number of pods per unit area 
during the two seasons. Phosphorous application increased the 
number of pods per unit area with a significant difference in the 
first season. 
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Table 4. Effect of nitrogen and phosphorous application and 
cropping systems on number of flowers per plant for legumes 
during 1999/2000 and 2000/2001 seasons. 
 
Number of flowers per plant Treatment 
1999/2000 2000/2001 
Nitrogen   
N0 
N1 
 
LSD 
43.27 a 
47.83 a 
 
30.02 
24.78 b 
31.28 a 
 
3.61 
Phosphorous   
P0 
P1 
 
LSD 
40.03 b 
51.76 a 
 
8.43 
27.31 a 
28.75 a 
 
9.32 
Mixture   
C 
P 
BC 
BP 
DC 
DP 
 
LSD 
CV (%) 
28.44 c 
47.42 b 
34.92 c 
54.58 b 
34.92 c 
69.25 a 
 
11.42 
29.48 
22.50 c 
36.50 a 
22.00 c 
29.75 b 
20.83 c 
36.58 a 
 
6.38 
27.61 
 
Means with the same letters within column for each treatment are 
not significantly different 
C= Clitoria 
P= Phillpesara 
B= Brachiaria 
D= Dinebra 
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Table 5.  Effect of nitrogen and phosphorous application and 
systems on number of pods per unit area for legumes during 
1999/2000 and 2000/2001 seasons. 
 
Number of pods per unit area Treatment 
1999/2000 2000/2001 
Nitrogen   
N0 
N1 
 
LSD 
115.53 b 
147.50 a 
 
11.93 
161.92 b 
207.03 a 
 
20.71 
Phosphorous   
P0 
P1 
 
LSD 
117.97 b 
145.06 a 
 
14.89 
173.78 a 
190.17 a 
 
59.66 
Mixture   
C 
P 
BC 
BP 
DC 
DP 
 
LSD 
CV (%) 
118.33 c 
285.42 a 
  63.58 d 
146.92 b 
  56.83 d 
118.80 c 
 
13.38 
12.33 
226.42 b 
334.58 a 
110.42 a 
150.25 cd 
105.00 d 
180.17 bc 
 
25.21 
34.30 
 
Means with the same letters within column for each treatment are 
not significantly different 
C= Clitoria 
P= Phillpesara 
B= Brachiaria 
D= Dinebra 
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 Regarding cropping systems, phillipesara in pure stand 
gave the highest number of pods per unit area in the two seasons. 
Phillipesara in mixtures produced higher number of pods per unit 
area in the two season compared to clitoria in pure stand and 
mixtures. 
4.1.2 Grasses: 
4.1.2.1 Plant height: 
The effect of nitrogen and phosphorous fertilization, and 
cropping systems on plant height for grasses in the two seasons, 
is shown in Table 6. The effect of both nitrogen and phosphorous 
on plant height was not significant in both seasons.  
In cropping system, the difference in plant height between 
Dinebra and singal grass was not significant in the first season. 
However, in the second season single grass in pure stand gave 
significantly taller plants compared to the dinebra in pure stand. 
In the first season, the difference in plant height between the two 
grasses in mixture was not significant. However, in the second 
season single grass in mixture gave taller than Dinebra in 
mixture. 
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Table 6.  Effect of nitrogen and phosphorous application and 
cropping systems on plant height for grasses during 1999/2000 
and 2000/2001 seasons. 
 
Plant height Treatment 
1999/2000 2000/2001 
Nitrogen Reading 1 Reading 2 Reading 1 
N0 
N1 
 
LSD 
16.93 a 
16.61 a 
 
9.36 
57.58 a 
59.03 a 
 
 
10.92 a 
12.17 a 
 
2.85 
Phosphorous    
P0 
P1 
 
LSD 
16.68 a 
16.86 a 
 
3.37 
61.56 a 
55.06 a 
 
 
10.56 a 
12.53 a 
 
4.56 
Mixture    
D 
B 
BC 
BP 
DC 
DP 
 
LSD 
CV (%) 
19.92 a 
16.79 ab 
14.83 b 
16.25 b 
16.75 ab 
16.08 b 
 
3.58 
25.85 
50.17 c 
55.92 bc 
53.08 c 
66.67 a 
57.50 abc 
66.50 a 
 
 
 
  6.25 c 
16.42 a 
15.08 a 
15.33 a 
  9.67 b 
  6.50 c 
 
2.98 
31.34 
 
Means with the same letters within column for each treatment are 
not significantly different 
C= Clitoria 
P= Phillpesara 
B= Brachiaria 
D= Dinebra 
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4.1.2.2 Number of leaves per plant: 
 Table 7 showed the effect of nitrogen and phosphorous 
fertilization, and cropping systems on number of leaves per plant 
for grasses in the two seasons. The effect of nitrogen and 
phosphorous on number of leaves per plant was not significant in 
both seasons.  
 For the cropping systems in the first season, the difference 
between Dinebra and Brachiaria in pure stand in number of 
leaves per plant was not significant, and also the difference 
between the mixture was not significant. However, in the second 
season, Brachiaria in pure stand and in mixture produced more 
leaves compared to Dinebra in pure stand and in mixture. Single 
grass mixed with legumes produced more leaves compared to 
Dinebra in the second season. 
4.1.2.3 Number of tillers per plant: 
The effect of nitrogen and phosphorous fertilization, and 
cropping systems on number of tillers per plants for grasses in the 
two seasons, is presented in Table (8). 
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Table 7.  Effect of nitrogen and phosphorous application and 
cropping systems on number of leaves per plant for grasses 
during 1999/2000 and 2000/2001 seasons. 
 
Number of leaves per plant Treatment 
1999/2000 2000/2001 
Nitrogen   
N0 
N1 
 
LSD 
18.94 a 
22.03 a 
 
5.02 
8.31 a 
9.67 a 
 
2.02 
Phosphorous   
P0 
P1 
 
LSD 
19.08 a 
21.89 a 
 
4.52 
8.36 a 
9.61 a 
 
1.57 
Mixture   
D 
B 
BC 
BP 
DC 
DP 
 
LSD 
CV (%) 
23.67 a 
20.92 ab 
19.83 ab 
19.16 b 
21.33 ab 
18.00 b 
 
4.28 
25.35 
  7.17 c 
14.08 a 
  9.92 b 
10.58 b 
  6.67 c 
  5.50 c 
 
 
34.57 
 
Means with the same letters within column for each treatment are 
not significantly different 
C= Clitoria 
P= Phillpesara 
B= Brachiaria 
D= Dinebra 
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Table 8. Effect of nitrogen and phosphorous application and 
cropping systems on number of tillers per plant for grass during 
1999/2000 and 2000/2001 seasons. 
 
Number of tillers per plant Treatment 
1999/2000 2000/2001 
Nitrogen   
N0 
N1 
 
LSD 
4.64 a 
5.14 a 
 
2.04 
2.94 b 
4.11 a 
 
0.75 
Phosphorous   
P0 
P1 
 
LSD 
4.89 a 
4.89 a 
 
1.04 
3.39 a 
3.67 a 
 
0.76 
Mixture   
D 
B 
BC 
BP 
DC 
DP 
 
LSD 
CV (%) 
4.92 a 
5.00 a 
5.08 a 
4.50 a 
5.00 a 
4.83 a 
 
1.56 
38.69 
3.25 b 
4.17 a 
3.67 ab 
3.50 ab 
3.25 b 
3.33 b 
 
0.69 
23.72 
 
Means with the same letters within column for each treatment are 
not significantly different 
C= Clitoria 
P= Phillpesara 
B= Brachiaria 
D= Dinebra 
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Nitrogen application  significantly increased the number of 
tillers per plant in the second season. The effect of phosphorous 
on number of tillers per plant for the two seasons was not 
significant.  Grasses in mixture and pure stand did not show 
significant difference in number of tillers in the first season. 
However, in the second season, Singal grass produced 
significantly higher number of tillers compared to Dinebra in 
pure stand and mixture. The difference in number of tillers per 
plant between single grass in mixture and Dinebra in pure stand 
and mixture was not significant. 
4.1.2.4 Number of spike per unit area for grasses: 
The effect of nitrogen and phosphorous fertilization, and 
cropping systems on number of spikes per unit area for grasses in 
the two seasons, is presented in Table 9. The effect of nitrogen 
and phosphorous on number of spikes per unit area was not 
significant in both seasons. Single grass in pure stand and mixture 
significantly produced higher number of spikes per unit area 
compared to Dinebra in pure stand and mixture, and Singal grass 
in mixture with legumes in the two seasons. 
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Table 9.  Effect of nitrogen and phosphorous application and 
cropping systems on number of spikes per unit area for grasses 
during 1999/2000 and 2000/2001 seasons. 
 
Number of spikes per unit area Treatment 
1999/2000 2000/2001 
Nitrogen   
N0 
N1 
 
LSD 
103.62 a 
  79.19 a 
 
65.34  
22.69 a 
26.50 a 
 
5.18 
Phosphorous   
P0 
P1 
 
LSD 
100.44 a 
81.12 a 
 
51.71 
21.75 a 
27.44 a 
 
7.39 
Mixture   
D 
B 
BC 
BP 
DC 
DP 
 
LSD 
CV (%) 
  86.36 b 
198.64 a 
113.17 b 
  89.92 b 
  31.92 c 
  34.92 c 
 
45.55 
59.63 
  5.67 c 
54.92 a 
38.83 b 
36.58 b 
5.92 c 
5.67 c 
 
11.21 
55.21 
 
Means with the same letters within column for each treatment are 
not significantly different 
C= Clitoria 
P= Phillpesara 
B= Brachiaria 
D= Dinebra 
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4.1.2.5 Number of seeds per spike in grasses 
The effect of nitrogen and phosphorous fertilization, and 
cropping systems on number of seeds per spike for grasses in the 
two seasons, is presented in Table 10. Nitrogen application 
increased the number of seeds per spike with a significant 
difference in the first season. However, the effect of phosphorous 
application was not significant in the two seasons. Dinebra in 
pure stand and in mixture produced higher number of seeds per 
spike compared to Singal grass in pure stand and in mixture with 
legumes in the two seasons. 
4.2 Days to 50% flowering: 
4.2.1 Legumes: 
The effect of nitrogen and phosphorous fertilization, and 
cropping systems on days to 50% flowering for legumes in the 
two seasons, is presented in Table 11. Nitrogen application 
significantly reduced the number of days to 50% flowering in the 
first season. However, phosphorous application did not affect the 
number of days to 50% flowering in the two seasons. Clitoria in 
pure stand and in mixture attained 50% flowering earlier than  
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Table 10.  Effect of nitrogen and phosphorous application and 
cropping systems on number of seeds per spike for grasses during 
1999/2000 and 2000/2001 seasons. 
 
Number of seeds per spike Treatment 
1999/2000 2000/2001 
Nitrogen   
N0 
N1 
 
LSD 
34.81 b 
41.83a 
 
2.67 
35.69 a 
38.69 a 
 
8.50 
Phosphorous   
P0 
P1 
 
LSD 
37.72 a 
38.92 a 
 
4.89 
36.67 a 
37.72 a 
 
3.02 
Mixture   
D 
B 
BC 
BP 
DC 
DP 
 
LSD 
CV (%) 
40.00 b 
35.42 c 
32.83 c 
31.58 c 
46.00 a 
44.08 ab 
 
4.29 
13.58 
42.50 a 
32.83 b 
32.08 b 
29.83 b 
42.42 a 
43.50 a 
 
3.40 
11.09 
 
Means with the same letters within column for each treatment are 
not significantly different 
C= Clitoria 
P= Phillpesara 
B= Brachiaria 
D= Dinebra 
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Table 11.  Effect of nitrogen and phosphorous application and 
cropping systems on number of days to 50% flowering for 
legumes during 1999/2000 and 2000/2001 seasons. 
 
Days  to 50% flowering Treatment 
1999/2000 2000/2001 
Nitrogen   
N0 
N1 
 
LSD 
58.25 a 
56.86 b 
 
1.23 
75.61 a 
75.11 a 
 
2.19 
Phosphorous   
P0 
P1 
 
LSD 
57.97 a 
57.14 a 
 
0.95 
74.97 a 
75.75 a 
 
1.93 
Mixture   
P 
C 
BC 
BP 
DC 
DP 
 
LSD 
CV (%) 
63.67 a 
51.58 bc 
50.83 c 
63.67 a 
52.08 b 
63.50 a 
 
0.89 
1.88 
74.83 b 
76.67 a 
75.33 ab 
75.00 b 
74.67 b 
75.67 ab 
 
1.47 
2.36 
 
Means with the same letters within column for each treatment are 
not significantly different 
C= Clitoria 
P= Phillpesara 
B= Bracharia 
D= Dinebra 
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phillipesara in pure stand and mixture in the first season. In the 
second season, phillipesara in pure stand significantly attained 
50% flowering earlier compared to clitoria in pure stand. 
However, the difference between the legumes in mixtures in days 
to 50% flowering was not significant. 
4.2.2 Grasses 
The effect of nitrogen and phosphorous fertilization, and 
cropping systems on days to 50% flowering for grasses in the two 
seasons, is presented in Table 12. The results showed that 
nitrogen application significantly reduced the number of days to 
50% flowering in the two seasons. Days to 50% flowering was 
not affected by phosphorous application in the two seasons. There 
was no significant difference in days to 50% flowering between 
Dinebra and Brachiaria, but Dinebra with Clitoria flowered 
earlier than Single grass with Clitoria in the first season. In the 
second season there was no significant differences in days to 50% 
flowering between pure stands and mixtures. 
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Table 12.  Effect of nitrogen and phosphorous application and 
cropping systems on number of days to 50% flowering for 
grasses during 1999/2000 and 2000/2001 seasons. 
 
Days to 50% flowering Treatment 
1999/2000 2000/2001 
Nitrogen   
N0 
N1 
 
LSD 
52.11a 
50.78 b 
 
0.414 
56.83 a 
51.03 b 
 
3.10 
Phosphorous   
P0 
P1 
 
LSD 
51.83 a 
51.06 a 
 
1.26 
54.08 a 
53.78 a 
 
1.07 
Mixture   
D 
B 
BC 
BP 
DC 
DP 
 
LSD 
CV (%) 
51.58 ab 
51.33 ab 
52.25 a 
51.17 ab 
50.83 b 
51.5 ab 
 
1.25 
2.95 
54.17 a 
54.92 a 
53.83 a 
53.42 a 
53.17 a 
54.08 a 
 
2.05 
2.48 
 
Means with the same letters within column for each treatment are 
not significantly different 
C= Clitoria 
P= Phillpesara 
B= Brachiaria 
D= Dinebra 
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4.3 Forage yield 
4.3.1 Legumes  
 The effect of nitrogen and phosphorous fertilization, and 
cropping systems on forage yield for legumes in the two seasons, 
is presented in Table 13. Nitrogen application significantly 
increased forage yield of legumes in the second season only. The 
effect of phosphorous on forage yield of legumes was not 
significant. There was no significant difference in forage yield 
between Clitoria and phillipesara in pure stand in the first season. 
However in the second season, phillipesara in pure stand gave 
higher yield than clitoria. Clitoria with Singal grass gave 
significantly lower forage yield compared to Clitoria with 
Dinebra, while the difference in forage yield between phillipesara 
with single grass and phillipesara with Dinebra was not 
significant in the first season. In the second season the difference 
in the yield between the legumes in mixtures was not significant. 
 Generally the yield of legumes was higher in the second 
season compared to the first season. 
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Table 13. Effect of nitrogen and phosphorous application and 
cropping systems on forage yield (kg/ha) legumes during 
1999/2000 and 2000/2001 seasons. 
 
Forage yield (t/ha) Treatment 
1999/2000 2000/2001 
Nitrogen   
N0 
N1 
 
LSD 
1.71 a 
1.95 a 
 
0.61 
5.38 b 
5.67 a 
 
0.27 
Phosphorous   
P0 
P1 
 
LSD 
1.93 a 
1.73 a 
 
0.22 
5.65 a 
5.41 a 
 
0.56 
Mixture   
P 
C 
BC 
BP 
DC 
DP 
 
LSD 
CV (%) 
2.39 a 
2.06 ab 
1.18 c 
1.71 bc 
2.04 ab 
1.61 bc 
 
0.56 
37.05 
6.74 a 
4.73 b 
5.12 b 
5.20 b 
5.51 ab 
5.87 ab 
 
1.28 
28.11 
 
Means with the same letters within column for each treatment are 
not significantly different 
C= Clitoria 
P= Phillpesara 
B= Brachiaria 
D= Dinebra 
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4.3.2 Grasses 
 The effect of nitrogen and phosphorous fertilization, and 
cropping systems on forage yield for grasses in the two seasons, 
is presented in Table 14. The effect of nitrogen and phosphorous 
application on grass forage yield was not significant for the two 
seasons. Single grass in pure stand outyielded Dinebra in the two 
seasons. The difference in forage yield for Single grass mixed 
with each of the legume species was not significant in the first 
season. Dinebra with Phillipesara gave significantly higher forage 
yield. For grasses, generally higher forage yield was obtained in 
the first season compared to the second season. 
4.3.3 Total forage yield 
The effect of nitrogen and phosphorous fertilization, and 
cropping systems on total forage yield in the two seasons, is 
presented in Table 15. The effect of nitrogen on total forage 
yield was not significant in both seasons. Phosphorous 
application significantly increased dry matter yield in the first 
season. The grass-legume mixtures produced higher forage yield 
compared to grasses and legume in pure stand in the two seasons.  
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Table 14.  Effect of nitrogen and phosphorous application and 
cropping systems on forage yield for grasses during 1999/2000 
and 2000/2001 seasons. 
 
Forage yield (t/ha) Treatment 
1999/2000 2000/2001 
Nitrogen   
N0 
N1 
 
LSD 
1.85 a 
1.43 a 
 
0.49 
0.42 a 
0.82 a 
 
0.63 
Phosphorous   
P0 
P1 
 
LSD 
1.84 a 
1.45 a 
 
0.45 
0.59 a 
0.65 a 
 
0.63 
Mixture   
D 
B 
BC 
BP 
DC 
DP 
 
LSD 
CV (%) 
1.12 b 
2.40 a 
1.51 b 
1.48 b 
1.23 b 
2.13 a 
 
0.53 
38.90 
  0.45 b 
  1.76 a 
  0.40 b 
  0.46 b 
  0.39 b 
  0.33 b 
 
  0.59 
  113.20 
 
Means with the same letters within column for each treatment are 
not significantly different 
C= Clitoria 
P= Phillpesara 
B= Brachiaria 
D= Dinebra 
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Table 15.  Effect of nitrogen and phosphorous application and 
cropping systems on total forage yield during 1999/2000 and 
2000/2001 seasons. 
 
Total forage yield (t/ha) Treatment 
1999/2000 2000/2001 
Nitrogen   
N0 
N1 
 
LSD 
2.69 a 
2.51 a 
 
0.79 
4.76 a 
4.62 a 
 
0.94 
Phosphorous   
P0 
P1 
 
LSD 
2.40 b 
2.81 a 
 
0.37 
4.82 a 
4.57 a 
 
0.42 
Mixture   
P 
C 
B 
D 
BC 
BP 
DC 
DP 
 
LSD 
CV (%) 
2.39 c 
2.06 c 
2.40 c 
1.12 d 
2.69 bc 
3.19 ab 
3.25 ab 
3.71 a 
 
0.695 
32.27 
5.28 bc 
4.56 c 
1.76 d 
0.45 e 
5.57 bc 
7.18 a 
5.95 b 
6.18 ab 
 
1.20 
30.81 
 
Means with the same letters within column for each treatment are 
not significantly different 
C= Clitoria 
P= Phillpesara 
B= Brachiaria 
D= Dinebra 
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In the first season, the mixture of Dinebra and phillipesara 
resulted in higher forage yield followed by Dinebra-clitoria 
mixture and Single grass-phillipesara mixture. In the second 
season, Single grass-phillipesara mixture and Dinebra-
phillipesara mixture produced higher forage yield followed by 
Dinebra-clitoria mixture. In the first season, the two legumes and 
signal grass in pure stand were not significantly different in 
forage yield. Dinebra in pure stand produced lower forage yield. 
In the second season, the two legume species in pure stand were 
not significantly different in forage yield. Signal grass in pure 
stand outyielded Dinebra. The two legumes produced 
significantly higher forage yield compared to the two grasses. 
Signal grass in pure stand outyielded Dinebra in pure stand in the 
two seasons. In the first season forage yield of signal grass was 
not significant from that of two legumes.. However, in the second 
season each of the two legumes outyielded Signal grass. 
Generally, forage yield of legumes and mixtures was higher in 
the second season compared to the first season. However, forage 
yield for grasses in pure stand was higher in the first season. 
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4.4 Forage quality: - 
Table (16) showed the effect of nitrogen and phosphorous 
application and cropping system on forage quality in terms of 
crude protein and crude fibre.  
Application of nitrogen increased crude protein 
significantly in the second season. On the other hand application 
of nitrogen significantly decreased crude fibre in both seasons. 
Regarding phosphorous, crude protein increased with addition of 
phosphorous in the two seasons, while crude fibre decreased with 
addition of phosphorous. The two legumes, phillipesara and 
clitoria in pure stand gave higher crude protein and lowest the 
crude fibre compared to the two grasses, Dinebra and Brahciaria 
in the two seasons. The highest crude protein and the lowest 
crude fibre was given by clitoria followed by phillipesara. For the 
two grasses, Brachiaria gave the highest crude protein and lowest 
crude fibre compared to Dinebra in the two seasons. 
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Table 16. Effect of nitrogen and phosphorous application and 
cropping systems on percent crude protein (CP%) and percent 
crude fibre (CF%) during 1999/2000 and 2000/2001 seasons. 
 
1999/2000 2000/2001 Treatment 
CP% CF% CP% CF% 
Nitrogen 
N0 
N1 
 
LSD 
10.9 a 
11.3 a 
 
0.8 
34.4 a 
31.4 b 
 
0.69 
11.1 b 
11.8 a 
 
0.1 
33.3 a 
31.2 b 
 
0.7 
Phosphorous 
P0 
P1 
 
LSD 
10.4 b 
11.7 a 
 
0.3 
33.2 a 
32.6b 
 
0.4 
10.7 b 
12.2 a 
 
0.35 
32.1 a 
32.3 a 
 
0.2 
Cropping systems 
P 
C 
B 
D 
BC 
BP 
DC 
DP 
 
LSD 
 
CV (%) 
12.9 b 
14.3 a 
 9.2 e 
 6.4 f 
13.1b 
10.7cd 
11.5 c 
10.6 d 
 
0.9 
 
9.98 
25.7 f 
23.1 g 
38.0 b 
43.1 a 
32.1 e 
33.3 d 
33.7 cd 
34.3 c 
 
0.7 
 
2.67 
13.7 b 
15.0 a 
  9.9 c 
  6.4 f 
12.8 b 
11.2 cd 
11.8 c 
10.4 de 
 
0.9 
 
9.74 
25.1 e 
22.8 f 
37.6 b 
42.9 a 
31.8 d 
32.4 cd 
32.2 cd 
32.7 c 
 
1.0 
 
3.07 
 
Means with the same letters within column for each treatment are 
not significantly different 
C= Clitoria 
P= Phillpesara 
B= Bracharia 
D= Dinebra 
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CHAPTER FIVE 
DISCUSSION 
5.1 Vegetative and reproductive growth: - 
 Growth attributes of legumes in this study were not affected 
by nitrogen fertilization in both seasons. This lack of response 
may be due to that legumes obtained an adequate supply of 
nitrogen through nitrogen fixation. Similar result was obtained by 
Ibrahim (1976). The response of legumes to nitrogen  fertilization 
is possible only in soils with low nitrogen (Russel, 1961). Under 
these conditions small starter dose of nitrogen stimulates initial 
growth and enhance nodulation. (Gates, 1971; Ibrahim, 1976). 
 Number of flowers per plant in the second season and 
number of pods per unit area were significantly affected by 
nitrogen. This may be due to, in this season, addition of nitrogen 
which stimulated nodulation and hence nitrogen fixation that 
improve flowering and pod formation for legumes. 
 Nitrogen fertilization did not affect growth attributes and 
number of spikes per unit area in grasses.  Number of tillers per 
plant was affected by nitrogen only in the first season. The 
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inconsistency of response of vegetative growth to nitrogen may 
be due to that soil moisture at the site was not enough at the time 
of application since the experiment was completely dependant on 
rainfall (no irrigation at time of nitrogen application). Soil 
moisture is a detrimental factor for the response to applied 
nitrogen as reported by Arnon (1972). Soil fertility is also another 
factor that determines the response to applied nitrogen. Also the 
applied dose of nitrogen may be rather low to show any response 
to applied nitrogen. The increase in number of tillers and number 
of seeds per spike with nitrogen application in the first season is 
probably due to seasonal variations in the environment and soil 
conditions and other factors. 
 Phosphorous application did not show any effect on growth 
attributes during the two seasons and number of flowers per plant 
in the second season. This may be due to that the uptake process 
from soil is complicated by the fact that P is an immobile element 
in the soil as reported by the Vermani (1971). Also, the high 
fixation of phosphorous under the alkaline soil of the 
experimental site may be one of the factors affecting the response 
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to phosphorous. Number of flowers and number of pods per unit 
area increased with phosphorous application. Phosphorous effect 
on flowering and fruiting was reported by Bould and Parfitt 
(1973). 
 All growth and reproductive attributes for grasses, except 
number of tiller per plant, were not affected by phosphorous 
application during the two seasons. This indicates that the 
response of grasses to phosphorous is very low compared to 
legumes. 
 Clitoria in pure stand and mixture was taller than 
Phillipesara in pure stand and mixture in the second season only. 
This indicates that phillipesara was relatively affected by the 
flooding that occurred in the second season. Clitoria produced 
higher number of leaves and branches per plant. This may be one 
of that species characteristics to produce high number of branches 
and leaves as reported by Fadlalla and Burhan (1974). Under 
favourable conditions, clitoria has a rapid growth, very good 
seedling vigour and persistence once established producing dense 
cover (Skerman,1977). 
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 Phillpesara in pure stand and mixture produced higher 
number of pods compared to clitoria. This may be due to that the 
habit of growth for phillipesara is producing high number of 
flower and pods, which is a species characteristic. 
 For grasses, plant height of Dinebra in pure stand was 
similar to signal grass in the first season, but in the second season 
Signal grass was taller. This indicates that Dinedra was more 
sensitive to flooding that occurred in the second season. Signal 
grass with legumes produced taller plants than Dinebra with 
legumes. This showed the ability of Signal grass to compete with 
legumes and performed with legumes better than Dinebra.  
 Signal grass in mixture and pure stand produced higher 
number of leaves per plant in the second season only. This 
indicates that Signal grass is less affected by the flood conditions 
in the second season. 
 Grasses in mixture and pure stand produced similar number 
of tillers per plant in the first season. However, in the second 
season, only Signal grass in pure stand gave higher number of 
tillers per plant. This is due to the effect of flooding on Dinebra in 
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the second season. Moreover, signal grass is not competing with 
any of the legumes. 
 Dinebra in pure stand and mixture produced higher number 
of seed per spike in both seasons. This indicates that Dinebra is  
high seed producer compared to signal grass. On the other hand, 
Signal grass in pure stand and mixture produced higher number 
of spikes per unit area. This indicates that this species is well 
established and competitive, and producing more plants resulting 
in high number of spikes per unit area. 
5.2 Flowering: - 
 Nitrogen fertilization accelerated the time to reach 50% 
flowering. This result is similar to the findings of Richards et al. 
(1983) who reported that nitrogen decreased the interval from 
seeding to flowering. Phosphorous, on the other hand had no 
effect on days to 50% flowering. 
 Clitoria in pure stand and with grasses attained 50% 
flowering earlier than phillipesara in pure stand or mixture. This 
may be due to adaptation and biological characteristics of clitoria 
for early flowering. Generally days to 50% flowering in the first 
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season is earlier than the second season. This is due to change in 
environmental conditions and flood that occurred in the second 
season.  
 There was no significant difference between grasses in pure 
stand and mixture with respect to days to 50% flowering. 
However, in the first season only Dinebra with clitoria 
significantly reached 50% flowering earlier than Signal grass 
with clitoria. This indicates that Dinebra is more affected by 
clitoria compared to Signal grass. 
5.3 Forage yield: - 
  Forage yield in terms of dry matter was investigated in this 
study. Nitrogen application did not increase dry matter yield. This 
may be due to that nitrogen fertilization had no effect on 
vegetative and reproductive growth to which forage yield is 
related. The slight increase in the second season may be due to 
variations in environmental factors as well as soil factors.  
 Phosphorous fertilization had no effect on dry matter yield. 
This result was expected since phosphorous fertilizer did not 
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influence growth attributes. Gasim (2001) reported similar 
results. 
 Phillipesara in pure stand outyielded clitoria with the 
significant difference in the second season only. This may be due 
that phillipesara was taller and produced more pods per unit area 
compared to clitoria. This result is supported by Kheri (1990) and 
Osman (1998). 
 Grass-legume mixtures produced higher yield than legume 
and grasses in pure stand. Similar results were reported by Osman 
(1998).  Harington et al. (1983) showed that reseeding of grass-
legumes mixtures resulted in higher forage yield compared to 
native grass in pure stand. Dry matter for grasses in the first 
season was higher than in the second season. This indicated that 
the high rainfall that resulted in water logging during that season 
negatively affected grasses. The higher forage yield for legumes 
and mixture in the second season was due to that in that season 
heavy rains during the period from August to October negatively 
affected the growth of grasses compared to legumes. From visual 
observations, the legumes showed a vigorous growth with 
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profused branching. This resulted in coverage of grasses so their 
growth is suppressed (legumes were more competitive for light 
compared grasses). The suppression of grasses allows better 
growth for legumes. This indicates that the legumes are more 
tolerant to water logging compared to grasses. The highest forage 
yield obtained from the grass species with phillipesara indicated 
that phillipesara performed better compared to clitoria under the 
conditions of this study. 
5.4 Forage quality: - 
 Forage quality was determined in terms of crude protein 
content and crude fibre content. Nitrogen fertilization increased 
percentage of crude protein, but the increase was slight. This 
emphasizes that nitrogen played an important role in protein 
synthesis. Similar results regarding the increased percentage of 
crude protein due to applied nitrogen were obtained by several 
researchers (Rai, 1965; Desai and Deore, 1983; Khandakar and 
Islam, 1988; Singh et al., 1992). 
 Crude fibre was reduced by nitrogen fertilizers. The crude 
fibre content was inversely related to nitrogenous compounds in 
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plants as reported by Primost (1964). Many workers reported that 
nitrogen fertilization reduced crude fibe percentage (Tomar, 
1969; Sharma et al., 1967; Sandhu et al. 1976). 
 Regarding phosphorous, it has no effect on crude fibre 
content, but slightly increased protein content in the second 
season. This may be due to that phosphorous increased nitrogen 
uptake. This result is in harmony with the findings of Kapoor and 
Gupta (1976) who stated that application of phosphorous 
increased the content of the total nitrogen and protein in plant. 
 Legumes in pure stand produced significantly higher crude 
protein compared to grasses and grass-legume mixtures. This is 
obvious since legumes are known to fix atmospheric nitrogen, 
which consequently increased protein content. Similar results 
were obtained by other workers (Osman et al., 1968; Buller and 
Baily, 1973). On the other hand, grasses produced higher crude 
fibre compared to legumes and grass-legume mixtures. Similar 
results was reported by Osaman et al. (1968). Clitoria was 
observed to have higher protein and lower crude fibre than 
phillipesara. This indicated that clitoria has a high nutritive value 
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compared to Phillipesara. Similar results were obtained by 
Fadlalla and Burhan (1974), and Mohammed (1990). Among 
grasses, the highest crude protein was obtained by Signal grass 
and Dinebra gave the highest crude fibre. This indicated that 
Signal grass has more  nutritive value compared to Dinebra. 
 Grasses when grown in mixture with legumes produced 
higher protein content compared to the grasses in pure stand. This 
might be due to the contribution of the companion legumes in 
nitrogen supply for grasses and hence increased their protein 
content. Osman and Osman (1982) obtained similar results when 
they studied the performance of cereal and legume forage in pure 
stand and mixture.  
 
 
 
 
 
SUMMARY AND CONCLUSION  
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The results obtained showed that nitrogen for legumes did 
not affect plant height, number of leaves and branches per plant. 
Number of flowers in the second season and number of pods in 
the two seasons were increased by nitrogen. Nitrogen reduced 
days to 50% flowering in the first season and forage yield was 
increased in the second season for legumes. 
For grasses nitrogen fertilization increased number of tillers 
in the second season and number of seeds per spike in the first 
season, and reduced days to 50% flowering in the two seasons.  
Phosphorous application increased number of flowers and 
number of pods in the first season. On the other hand, all 
parameters for grasses were not affected by phosphorous. 
Philipesara with dinebra was taller compared to other 
mixtures in the first season. Clitoria in pure stand gave higher 
number of leaves and branches per plant than phillipesara. On the 
other hand Phillipesara produced higher number of flowers and 
pods compared to clitoria. 
Dinebra in pure stand gave taller plants in the first season 
and shorter plants in the second season compared to singal grass. 
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Clitoria attained 50% earlier than Phillipesara in all 
cropping systems. On the other hand days to 50% flowering for 
grasses in pure stand are similar. 
Highest forage yield for legumes was obtained from 
phillipesara, while the highest yield for grasses was obtained 
from Signal grass. Mixtures gave higher yield compared to pure 
stand. The better mixture was given by phillipesara mixed with 
each of the grass species. 
Nitrogen fertilization slightly increased protein content in 
the first season and reduced crude fibre content in both seasons.  
On the other hand, phosphorous increased protein content in the 
two seasons and reduced fibre content in the first season. 
Legumes gave higher protein and lower fibre content compared 
to grasses. Mixtures produced higher protein and lower crude 
fibre compared to grasses in pure stand. 
From the results obtained the following conclusions are 
drawn: 
1- Nitrogen fertilizer did not affect growth attributes and 
forage yield, but slightly increased crude protein. 
 78
2- The lack of rains during the time of nitrogen application 
and most probably the low dose of nitrogen used are behind 
the lack of the expected response, specially for grasses. 
3- For further research, high doses of nitrogen should be used 
to detect the response of plants to that element. 
4- Phosphorous application did not affect growth and yield of 
forages, but slightly increase some reproductive attributes, 
slightly increased protein and reduced crude fibre. 
5- The inconsistency in response to phosphorous may be due 
to phosphorous fixation in soil as well as the presence of 
phosphorous in the soil. 
6- Phillipesara produced higher forage compared clitoria and 
grasses 
7- Denbra mixed with legumes gave higher dry matter yield 
than Signal grass mixed with legumes. 
8- Grasses in mixtures outyielded grasses in pure stand. 
9- Higher mixture yield was obtained when the grass species 
mixed with Phillipesara. 
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10- Crude protein was higher in legume species than grass 
species and their mixture with legumes. 
11- Grass-legume mixture was higher in protein compared to 
grasses in pure stand. 
12- Crude fibre was higher on grasses in pure stand 
compared to legumes and grass-legumes mixtures. 
13- Higher crude protein was obtained from clitoria, while 
Denbra gave a higher crude fibre and lower protein. 
14- Legumes are more tolerant to water logging compared to 
grasses. 
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APPENDICES 
 
APPENDIX 1. Maximum, minimum temperature (C˚), relative humidity (%) and 
rainfal (mm). 
 
2000 2001  
Month 
MAX 
TEMP. 
MIN 
TEMP. 
RH (%) RF (mm) MAX 
TEMP. 
MIN 
TEMP. 
RH (%) RF (mm) 
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June 
July 
August 
September 
October 
November 
December 
36.3 
31.9 
30.8 
33.0 
34.9 
37.2 
35.7 
21.7 
20.3 
19.9 
20.5 
20.1 
18.2 
15.2 
56 
73 
79 
73 
64 
42 
33 
 93.6 
232.4 
182.0 
 46.0 
 31.8 
TR 
0.0 
34.7 
32.0 
31.0 
32.8 
34.1 
36.5 
36.9 
21.6 
20.7 
20.1 
19.9 
20.5 
17.4 
17.1 
64 
74 
80 
76 
72 
50 
37 
70.5 
195.9 
231.5 
89.3 
69.9 
0.0 
0.0 
 
NB 
TR (Trace) <0.1 mm. 
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APPENDIX 2: Determination of crude protein 
The procedure:- 
a) Weight accurately about 0.2 gm of sample. Transfer to Kjeldahl 
Flask. 
b) Add the kjeldahl catalyst mixture and abot 3.5 of nitrogen free 
sulfuric acid (H2SO4). 
c) Digest the sample for about two hours at full heat up to the 
point that the sample solution is clear. 
d) Cool the constituent and distillate in micro-kjeldahl distillation 
unit as follows: 
i- Take 10 cc of 2% boric acid in conical flask and add 
mixed indicator. 
ii- Pour the sample gently through the funnel of distillation 
unit and add about 10 ml of 50% NaOH slowly and allow the 
distillation process for 5 minutes. The receiver color changed in 
to blue. 
iii- Take the receiver and titrate against 0.2N HcL to the end 
point which is colorless, then read the amount of HcL used 
e) Calculation: 
                                   TITER X NORMALITY X 0.14 X 100 
 Nitrogen content  =   
                                       Weight of sample X 1000 
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APPENDIX 3: Determination of crude fibre 
The procedure: 
1- Transfer the sample after ether extraction into a 100 ml conical 
flask. 
2- Add 200 ml of boiling 1.25% H2S04. The acid hydrolyses the 
charbohyrate and the protein. 
3- Place the flaxk under a cool Einger condenser to maintain the 
concentration of acid at constant level. Start heating and digest for 
exactly 30 minutes (boiling point untill start around one minutes. 
4- Filter through double thickness of lenine cloth on a buncher 
funnel. 
5- Wash three to four times with boiling water and filter. 
6- Return the sample to the flask and add 200 mL of boilin 1.25% 
NaOH and then place flasks back on heaters. when start boiling,  
time the boiling solution. 
7- Remove the flasks, filter with lenin cloth and wash several 
times with hot water, twice with 1% HcL and finally with more 
boling water untill it is free from NaOH. 
8- Transfer the residues to crucible and dried at 5˚C to a constant 
weight for 4-6 hoours. 
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9- Ash in muffle furnace for 3 hours, cool and weight. The loss of 
weight upon ignition represents the weight of fibre. 
10- Calculation: 
                      Weight of C.F 
C.F%   =                                    X 100 
                    Weight of sample           
 
 
